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Eu ALTITUDl3 €"ORMANGE CEAFiACTERISTICS OF J47-25 

By Paul E. Rems and Emmert T. Jansen 

SUMMARY 

An investigation WES conducted in an altitude t e s t  chamber at the 
NACA Lewis laboratory to determine  the  altitude  performance  of  the 
547-25 turbojet  engine  operating  with a fixed-&rea  exhaust  nozzle. Data 
were  obtained  over a range of engine-inlet  Reynolds  numbers  correspondin@; 
to  altitudes  from 18,000 to 54,000 feet and flight Mach nmibers from 
0.50 to 1.10. 

Reducing the engine-inlet  Reynolds  nmiber  resulted Fn a reduction 
in corrected  air  flow but had essentially no effect on corrected 
exhaust-gas  total tqerature, corrected fuel flaw, and engine pumping 
characteristics  for a range o f  Reynolds  nuiber  indices  from 0.80 
to 0.30. The  corrected  jet  thrust  parameter  generalized  throughout  the 
range  of  engine-inlet  Reynolds  nwribers  bvestigated. 

At a given  corrected  engine  speed  with  critical  pressure  ratio 
e-sting in the  exkmust  nozzle,  increasing  the  engine-inlet  ram-pressure 
ratio  from 1.0 to 1.25 decreased  the  corrected eXhaust-gas temperature. 
Further increases in ram-pressure  ratio had no effect  on  the eaust- 
gas  temperature. 

I 
i. 

IXPRODUCTIOI~ 

An investigation was conducted in an RACA L d s  altitude  chaiber 
to  determine  the  altitude  performance  characteristics of a 547-25 axial- 
flow  turbojet  engine  over a range  of  engine-inlet Reynold5 nuulber 
Indices  corresponding  to  altitudes  from 18,000 to 54,030 feet Eand flight 
bhch  n-ers  from 0.50 to 1.10. In order  to simplify the  procedure in 
obtaining  performance data asd to make the data applicable to any flight 

condition,  Reynolds  number index 

Reynolds n M e r  at a given  corrected  engine  speed  and is a function only 
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of  engine-inlet  total.  pressure and temperature, was  used Fnatead of vari- 
ous set  altitudes and flight  lkch nlplrber con@hations  (reference 1). By 
the  technique just mentioned,  the  data  obtained in t h i s  investigation L 

may be  used  to  obtain  the  performance of the  engine  at any flight  con- 
dition  for  which  critical flow exists in the  exhaust  nozzle. An example 
is  included in the appendix  to  illustrate  the  method of obtaining  con- 
ventionsl  performance  parameters  for a given flight condition  from the 
data such as  presented  herein. 
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In addition  to  the  basic  engine  performance,  data  were  obtained in 
which  the  effects  of  variation  of  engine-inlet  conditions on exhaust-gas 
temperature  and  thrust  were  observed.  These  effects  are  of  iuportance 
from the standpoint  of  sircraft  take-off and day-to-day  weather 
variations. 

All performance  data  obtained  in  this  Fnvestigation  are  presented 
in  both  graphical and tabular  form. 

The J47-25 axial-flow  turbojet  engine  used in this investigation 
has a twelve-stage  compressor,  eight  tubular  conibustion  chambers,  and a 
single-stage  turbine.  The  engine has a static  sea-level  thrust  rating 
of €060 pounds  at  the  rated  engine  speed  of 7950 r p m  and an engine manu- 
facturer's  turbine-outlet  temperature of 1245' F. The  compressor air 
flow is  approximately 104 pounds  per  second  and  colrqlressor  pressure 
ratio  is 5.3 at  rated  sea-level  conditions. A conical  exhaust  nozzle 
having an area of 298.5 square  inches was Fns%alled on the  engine. 
Operatian of the .engine with this  nozzle produced an average 
tail-pipe  tot&  gas  temperature  of 1710° R (1250' F), W c h  is  based on 
mACA instrumentation  at  static  sea-level  cond3tfons  rated  engine 
speed  of 7950 rpm.  .The maximum dimensions .of the engine..  are a 37-inch 
diameter and 8. 144-inch over-all  length  excluding the cylindrical tail 
pipe and the exhaust nozzle. The total w e i g h t  of the  engine is 2653 pounds. 

r 

Installation 

The  altitude  test  chaniber in which  the  engine was installed  is 
10 feet in diameter and 60 feet in length. The test  chamber  is  divided 
into  three  sections  separated  by  bulkheads:  the  air-inlet  section,  the 
engine compartment, and the  exhaust  section.  The  engine was mounted on 
a thrust-measuring  bed., A Front bulkhead,  which  incorporated a labyrinth 
seal around the forward  end of the  engine,  provided for freedom  of move- 
ment of the  engine in an axial direction. A .rem. bullrhead was installed 
to  act  as a radiation  shield and to  prevent  recirculation of the hot 
e x h a w t  gases about the engine. 

* 
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Instrumentation 
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The location  of  the  instrumentation  stations  before  and  after  each 
of the  principal  comgonents  of  the  engine  is  shown in figure 1. 
Sketches showing the  arrangement of the  separate  temperature and pres- 
sure  probes  wikhin a given  station  axe  presented  in  figure 2. The 
total-pressure  tubes  at  stations 1 and 9 were  located  at  the  centers of 
24 and 6 equal  areas,  respectively.  The  thermocouples  at  stations 1, 
3, 5, and 9 and  the  total-pressure  ttibes  at  stations 3 and 5 were 
located on approxFmate1 e q d  spacings.  The  instrumentation  at  the 
engine  inlet  (station lf was used in calculating  the  altitude  and  flight 
,Mach number correction  factors 8,  6, and cp. (All symbols are defhed 
in the  appendix. The pressure and temperature  measurements  at  sta- 
tion 9 were  used to calculate  ideal or rake  jet  thrust and nozzle  gas 
flow. Measured  jet  thrust was also  determined  from  scale  readings  for 
each  condition  investigated.  The  atmospheric  presaure surrounding the 
jet  nozzle was measured by four  lip  static  probes  located in the e u s t  
portion of the  dhamber  (station 0). 

Fuel  flow was measured by two rotameters  connected in series  and 
calibration of the  rotameters w8s made  with  the  type  fuel used in this 
investigation (MTL-F-5624A, grade Jp-4). 

The  inlet  conditions  were  varied to correspond  to  Reynolds n&er 
indices  from 0.15 to 0.80. For  each  inlet  condition,  the  elchaust  pres- 
sure was reduced  to  the minimum of the  exhaust  system  with the engine 
operating  at  rated  speed. ' The  inlet  temgerature  and  pressure and the 
ehust pressure  were then maintained  constant  while data were  taken 
over a range of engine  speeds f r o m  rated speed  to  approximately  the  speed 
where  the  exhaust  nozzle  became  unchoked. A summary of  the  operating 
conditions  covered in this  investigation  is given in the  following 
table : 

Reynolds 
nuniber 
index 
0.15 

.2 

.25 

.3 

.3 

.4 

.425 

.5 

.6 

.8 

Inlet  total 
pressure temperature 

Inlet total 

(9) b / s q  ft) 
410 

1740 530 
1108 467 

923 467 
718 437 
739 467 
465 410 
465 410 
387 410 
315 410 
232 

Ram- 
pres  sure 
ratio 
1.19 
1.48 
1.64 
1.34 
1.70 
1.35 
1.41 
1.95 
2.14 
1.70 
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The  methods of calculation  are given in the appendix. 

The  sbmlated  altitude  perfonnance  data  obtained in this Fwestiga- 
t i on  were  corrected  to NACA standard  altitude  conditions  and  are  pre- 
sented  in  table I. Generalization of data for various  engine-inlet  con- 
ditions  corresponding  to a given  ReynoXds  number  index  requires  that 
critical  flow  be  established in the  exhaust  nozzle.  The  range of cor- G: 
rected  engine  speeds  over  which t h e  exhaust  nozzle of the  engine was 
choked  is  shown in figure 3 for a range  of  Reynolds  nutiber  Fndices  cor- 
responding  to  various  altitudes and flight Mach numbers. A t  e l l  alti- 
tudes, this minhum corrected  engine  speed  at  which  choking  occurred 
decreased  approximately  linearly  from  about 7600 r p m  at a flight  Mach 
number of 0.2 to  about 5750 r p m  at a flight Mach number of 1.10. The 
data of this  report may be  used  to  determine  performance only at flight 
conditions in the  choked  region above this curve. 

E\) 
(TI 

In order to aid in determFnFng the Remolds number index corre- 
sponding  to a given  flight  condition and thereby d e t e m e  the  engine 
performance  at NACA standard altitude  conditions from the  generalized 
data  presented,  the  values of 6, 8, cp, and Reynolds m e r  index are 
given Fn table XI for a wide  range of fUght Conditions; 100 percent 
ram-presswe  recovery was assumed. 

Effect of Engine-Inlet  Conditions on Performance 

In addition  to  the  b8SiC  engine  performance,  two  effects of special a 

concern  regarding  exhaust-nozzle  sizing Ebnd aircraft  take-off  are  the 
effect  of  engine-inlet  temperature on exhaust-gas  temperature  at  sea- 
level  static-pressure  conditions and the  effect  of  engine-inlet  ram- 
pressure  ratio'on  exhaust-gas  taperature and thrust at low flight 
speed6 and low  altitudes. However., be-caTisT  -of  test-facility  limitations, 
these  effects had to  be  investigated  at  altitudes of15,000 and 
ZOjOc)O feet, respectively. 

"he effect af' engine-inlet  total  temperature on exhaust-gas t o t a l  
temgerature is presented in fipe. 4 for a canstant  act+  engine Speed 
of 7950 rpm. A decrease  in  inlet  total  temperature  fro& 532' to 465' R 
resulted  in a decrease in exhaust-gas  total  temperature of approximately 
50° R, and any f'urther  decrease in inlet  temperature caused the  exhauet- 
gas  temperature  to  increase.  The  data  for  the  performance  variables 
presented  in  figure.4 along with  other  engine  performance data are 
included ih table 111. 
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c The  effect  of  engine-inlet  ram-pressure  ratio on corrected 
exhaust-gas  total  tenperature and the  corresponding  net  thrust  variation 
for  various  corrected  engine  speeds  are &own in figure 5. The 
decrease in corrected  exhaust-gas  total  temperature as ram-pressure 
ratio  is  increased  results from an increase in effective flow area  of 
the  exhaust  nozzle,  which  corresponds  to an increase in nozzle flow 
coefficient. The change in effective f low area is caused by the  fact 
that  the  exhaust  nozzle is not fully choked  and by the  existence of a 

m 

3 boundary layer of subsonic flow around the  sonic  jet.  This layer of 
(D 
N subsonic flow decreases in depth  as  the  engine--%  ram-pressure  ratio 

is  increased, thus increasing  the  effective  area  of  the  nozzle  and 
reducing  the  tail-pipe  tmqerature.  The  effect of this flow-mea change 
becomes  constant  after a ram-pressure  ratio  of  approxFmately 1.25 (which 
corresponds to a tail-pipe  pressure  ratio  of  approximately 2.5) is 
attained.  At  this  ram-pressure  ratio  of 1.25, the  net  thrust loss is 
approximately 3 percent  of  the  thrust  that  could  be  obtained if the 
exhaust-gas  total  temperature  had  remained  constant  at  the  vslue 
obtained  for an engine-inlet  static  condition. A tabulation  of  these 
data along with  other  engine  performance  parameters  is  given in 
table IB. 

General  Performance Cabration Data 

The  effect  of  Reynolds  number index on generalized  engine perfom- 
ance  is shown in figures 6 to 10 where-the corrected air flow, corrected 
fuel  flow,  corrected  jet  thrust  parameter,  corrected  exhaust-gas total 

variation of corrected  air f l o w  with corrected  engine  speed  for  various 
Reynolds number Fndices is presented i n  figure 6. At a corrected 
engine  speed  of 7950 rpm, the  corrected air flow decreased from 104.0 to 
99.2 pounds  per  second a6 Reynolds number Fndex was decreased  from 
0.80 to 0.15. The  corrected fuel f l o w  (fig. 7) generalized f o r  
Reynold6  number  indices  from 0.80 to 0.30 a t  corrected  engine  speeds 
above  about 7500 rpm  but  increased  with a f'urther  reduction  of  Reynolds 
number  index. This increase in fuel flow results  from  the  required 
rise in turbine-inlet  temperature  due to the  decrease in comgressor 
efficiency  and  the  decrease in combustion  efficiency  at  low  Reynolds 
nuniber  indices.  The  increase in corrected  fuel flow at rated  corrected 
engine  speed was approxhately 8 percent  as  Reynolds  number  index was 
reduced from 0.30 to 0.15. The  corrected jet thrust  parameter,  based 
on scale  thrust  readings,  (fig. 8) generalized  throughout  the  range  of 
Reynolds rider inuces and  corrected  engine  speeds  investigated.  Cor- 
rected  exhaust-gas  total  tenperature  (fig. 9) generalized  for  Reynolds 
number  indices  from 0.80 to 0.30 but  increased with a further  reduction 
in  Reynolds  index. T h i s  Lncrease in corrected  exhaust-gas  total  tem- 
perature  at  the  lower  Reynolds numbers is  attributed p r m i l y  to  the 
decrease in co~pressor efficiency,  which  requires  more work from the 

c temperature,  and  engine  pumging  characteristics  are  presented.  The 

* 

* 
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turbine  to  maintain a given  engine  speed and hence a higher  turbine- 
M e t  temperature.  Figure 10 illustrates  the  effect of Reynolds number 
index on the  engine  pumping  cbaracteristim.  The  relation  between 
engine  total-pressure  ratio and engine  total-tengerature  ratio is 
defined  by a single  line as Reynolds  number  index  is  decreased  from 
0.80 to 0.30 but  shifts  in -&e direction  of  increased engine total- 
temperature  ratio  at- a given engine total-pressure  ratio fo r  a further 
reduction i n  Reynolds  number index. This shift in the  curves  reflects 
the  reduced  efficien;cy of the  compressor and turbine at conditims of 
low inlet  Reynolds  number. 

The  corrected  engfne windmi- speed is shown In figure ll as a 
function of flight Mach number for altitudes  from 15,000 to 45,000 feet. 
The corrected  engine windmilling speed was unaffected  by  changes  in 
altitude  for  the  range  of flight Mach  nunibers  investigated. 

The tkwust is dependent upon the  exhaust-gas  temperature and in this 
investigation  the gas temperatures were measured by .the engine manufac- 
turer's  four-probe  and  five-probe  themnocouple harnesses as well as  the 
25 Mccl themnoc,ouples. The readings of these different  sets of instru- 
mentation differ, with  the  result  that  the t h r u s t  at a given DIBaBUred 
temperature  will also vary. A comparison of the  thrusts  obtained 5s 
presented in the followFng table  for NACA standard sea- level  statio 
conditions : 

. .. 

Performance  based 011 

Exhaust-gas total 
temperature 
of 1710' R 

Engine  manuTacturer*s 
f ive-probe  thermo- 
couple  harness 

Engine manufacturer's 
four-probe  thermo- 
carple  harness 

. . . - . . . . 

Engine 

exhaust- gas 
thermocouple 

reading 

7950 "" 

7950 1710 

7950 1710 

. .  . . .  . . . 

Exhauetqas 
t o t a l  temperature 
based on NAc;A 
instrumentation 

T9 
(OR) 
(4 

1710 

1760 

1766 

. 

. 

5894 

6074 

6098 

&Based on an average of 25 MACA thermocouples  located 15.15 in. 
downstream of tail-cone-outlet flange, 

m e  exhaust  nozzle  (area, 298.5 sq in . )  w a ~  sized so as to give 
an exhaust-g&s  temperature of 1710' R (1250° F) at standard sea-level 
static  conditions and rated  engine  speed. For t h i s  exhaust-gas  tempera- 
ture of 1710' R, the  standard  sea-level  static  thrust i s  5894 pounds. 

0 

L 
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Because  the  engine  is  normally  rated  by  the  manufacturer  for an exhaust- 
gas  temperature  based on a thermocouple  reading  obtained from the  four- 
or  five-probe  thermocouple  harness,  thrust  values  have  bgen  included in 
the preceding  table  for  the  thermocouple  reading of 1710 R obtained 
from  the  four-  and  five-probe  systems  with  the  corresponding gas tem- 
peratures  included.  The four- and five-probe  harnesses  indicated an 
exhaust-gas  temperature  between 50° and 60° lower  than  the  true gas 
temperature and therefore  give a correspondingly  higher  thrust  for a 
given temperature  limit based on a thermocouple reading. The method 
employed in calculating  the  thrust valuee i e  given in the appendix. 

The  following  results  were  obtained  from  an  investigation  of  the 
altitude  performance  of a 547-25  turbojet  engine i n  an altitude  chamber 
over a range  of  engine-inlet  Reynolds  number  indices  from 0.15 to 0.80: 

1 

1. At a constant  engine  speed, a decrease  in  inlet total tempera- 
ture  from 532O to 465O R resulted in a decrease in exhaust-gas  total 
temperature  of  approximately 50' R. 

2. At a given  corrected  engine  speed  and  with  critical  pressure 
ratio  eldsting in the  exhaust  nozzle, the corrected  exhaust-gas  tempera- 
ture  decreased  as  the  ram-pressure  ratio was increased  from 1.0 to  1.25. 
Further  increases in ram-pressure  ratio had no effect on teqerature. 
The  corresponding  net  thrust  loss at ram-pressure  ratios  of  1.25  and 
above,  due to the  reduction in exhaust-gas  temperature  below  the limit- 
ing  value,  amounted  to 3 percent. 

3. At a corrected  engine  speed  of 7950 rpm,  the  corrected  air flow 
decreased  from104.0  to 99.2 pounds  per  second as Reynolds  number  index 
was decreased  from 0.80 to 0.15. 

4. Corrected  exhaust-gas  total  temperature,  corrected  fuel  flow, 
and engine  p-ing  characteristics  generalized  for  Reynolds  number 
indices  from 0.80 to 0.30 and  the  corrected Jet thrust  parameter  gen- 
eralized  throughout  the  range of Reynolds  number  indices  and  corrected 
engine  speeds  investigated. 

5. The  corrected  engine  windmilling  speed was unaffected  by  changes 
in  altitude  for  the  range  of  flight  Mach numbers investigated. 

Lewis Flight Propulslon Laboratory 
National  Advlsory  Comuittee  for  Aeronautics 

Cleveland,  Ohio,  July 3 , 1952 
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APPEXOIX - METHODS OF CALCULATION 

SyIIibols 

The  following symbols are  used in the  calculation and on the 
figures : 

mea, sq ft 

thermal.  expansion  coefficient,  ratio of hot  exhaust-nozzle  area 
to  cold  exhaust-nozzle  area 

ratio of effective flow ares to physical  flow  area 

jet  thrust  coefficient 

thrust  system  scale  reading,  lb 

jet  thrust,  Ib 

net thrust, Ib 

fuel-air  ratio 

acceleration  due to gradty, 32.2 f%/sec 2 

Mach  number 

engine  speed, r p m  

total  pressure,  lb/sq ft absolute 

statlc  pressure,  lb/sq  ft  absolute 

gas constant, 53.3 ft-lb/(lb) (OR) 

Reynolds number  index, 
Q1 Ajk 

total  temperature, 91 
indlcsted  total  temperature, '?R 

velocity,  ft/sec 

air flow, lb/sec 

. 
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.I 

Wf fuel flow, lb/hr 

- Wg gas flow,  lb/sec 

r ratio of specific  heats 

6 ratio of engine-inlet  total  pressure P1 to NACA standard sea- 
Lo level  pressure, 2Y6 Sb/sq ft 

N 8 ratio  of  engine-inlet  total  temperature !I!, to RACA standard 
cu 
Eo 

sea-level  temperature, 519O R 

cp ratio of Coefficient  of  viscosity  corresponding  wfth T1 t o  
coefficient  of  viscosity  corresponding  with RACA standa;rd sea- 
level  temperature, 519O R 

Subscripts: 

0 

oa 

1 

2 

3 

5 

9 
. 

10 

cl 

d 

e 

i 

n 

r 
- 

free-  stream  conditions 

bellmouth inlet  

engine M e t  

compressor m e t  

comgressor  outlet 

turbine  outlet 

exhaust-nozzle inlet 

exhaust-nozzle  outlet 

compressor  =-stage  leakage air flow 

thrust-cell  measurement 

equivalent 

indicated 

vena contracta  at  exhaust-nozzle  outlet 

rake 

scale 
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Calculations 

Flight Mach rimer and velocity. - The flight Mach number assuming 
complete  ram-pressure  recovery was conpzuted as 

Temperature. - Total  tenrperature was determined  by a calibrated 
thermocouple with an impact-recovery  factor of0.85 from  the  indlcated 
temperature  by  the following equation: 

Engine air f l o w .  - Because  of  the  large amount of  air-flow lehge 
at  the  station  where  the  engine id-et screens are mounted, the gas flow 
was  determined  at  the  exhaust-nozzle  exit  from total- pressure and tem- 
perature  at  the  nozzle  inlet  (station 9 )  by the following equation  with 
the  assumption  that no energy loss occurred  between  the  nozzle  inlet 
and exit: 
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" and i n  the choked case 

cu The value of the flow coefficient was determFned from reference 2 using 
the  area ratio and cone angle of the par t icu lar  nozzle employed in this 
investigation. The  magnitude of the flat coefficient is presented i n  
the following curve: 

1.0 1.5 2.0 2 -5 3.0 3.5 4 .o 4.5 
Exhaust-nozzle pressure ratio, ps/p0 

The compressor-inlet air flow was then determined from the nozzle 
* gas flow by 

w a , ~  = Wg,n - %,e + %,cl (41 
where the compressor leakage a i r  flow WaZc1 was measured at two instru- 
mented mid-frame bleed ports.  

The ewne-inlet  air flow Wa,l based on pressure and tesrperature 
measurements i n  a bellmouth mounted on the front of the engine was 
determined by the same general  equation as f o r  the  tail-pipe gas flow. 
The percentage of leakage a t  the  section housing the W e t  screens i s  

I 

- and was 3.3 percent of the compressor-inlet air flow Wa,2 fo r  the 
range of conditions covered i n  this investigation. 
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Thrusts. - The  jet  thrust as determined Pram the  thrust  system 
measurements  was  calculated f r o m  the  equation 

where the  last  term is the  mamenturn form existing at the  bellmouth 
inlet  which was experimentally determFned by instrumentation  located on 
the  surfaces  of the bellmouth and bullet almgkith instrumentation  at 
station 1. The  net  -thrust wlll be  determined  by  subtracthg the equiv- 
alent  momentum of the  air  at  the  engine  inlet from the  jet  thruet. 

Jet thrust  Coefficient. - The jet thrust  coefficient LE defined as 
the  ratio of scale  jet  thrust to rake jet thrust: 

where 

The charts Fn reference 3 were used in the solution  of the preceding 
equation.  When  all  the  data  obtained  in  this investigation  were 
employed, the  jet  thrust  coefficient was found to be independent of 
exhaust-nozzle  pressure  ratio and wae a conBtant value of 0.99. The 
scatter in the  coefficient values was approximstely kztL percent for the 
range of conditions  inveetigated. 

Determination  of performance for particular  flight  conditim. - 
For a given fliaht  condition,  values of Re, 6, and 8 can be obtafned 
from tGble 11. e. these generalizing parameter values asd engine speed 
are known, air flow, rUel flow, and eaust-gas teageeratwe can be 
obtained from the various  performance  curves. In order  tD  determine 

- " 
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the  net  thrust,  the  jet  thrust  parameter  must  first  be  corrected  to  the 
desired  flight  condition  to obtain the  jet thrust. Then in order to 
obtain  net  thrust,  the  leakage  between  stations 1 and 2 must be  added 
to  the  air flow for  station 2 so that 

Sea-level  static  thrust  ratings. - Because  of  the  effect of M e t  
ram  pressure on exhaust-gas  temgerature, data taken  at an altitude of 
5000 feet  and  flight Mach number of 0.2, a c h  are  inc1ud.d  in  the  fol- 
lowing table, had to  be  corrected to sea-level  static  conditions  in 
order to determine  the  sea-level thrust for the engine. 

For sea-level  static  engine-inlet  conditions, ~ z 1  engine  speed  of 
7950 rpm, and a given  exhaust-gas  temperature,  the tdl-pipe total  pres- 
sure may be  determined  from  the engine-punq!ing-characteristic curves; 
therefore,  the  pressure  ratio  across  the  exhaust  nozzle may also be 
determined. A plot of corrected  fuel  flow agest engine  temperature 
ratio will give  the  fuel  flow  for  the  proper  exhaust-gas  tenqerature. 
The  compressor-inlet  air flow may be  determined f r o m  a plot of corrected 
air flow  against  corrected  engine  speed. In order  to  determine  tail- 
pipe g a s  flow, compressor  leakage  air flow must  be  deducted a d  fuel 
flow added  to  the M e t  air flow. From fuel  flow,  afr flow, and 
exhaust-gas  temgerature, a value  for yg may be  obtained. All the 
factors  that  are  required  to  calculate  the  rake Jet thrust  from  equa- 
tion (8) are now known. To the  rake  jet  thrust  there  must  be  applied a 
jet  thrust  coefficient  obtained  from  the  value  presented  in  this  appen- 
dix  in  order  to  obtain  the final sea-level  jet  thrust  value. 
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The  preceding  sea-level  static  thrust  calcualtion  required  the use 
of two assumptions: 

(1) The  required  nozzle-area  change  for  the  range  of ehust-gas 
temperatures  of  interest has no effect on the  englne pumping 
characteristice. 

(2) The  required  nozzle-area  change  for  the mdl chaage  in 
ebhaust-gas  temperature has no effect on the  curve of corrected  air 
flow  against  corrected  engine  speed.  Both of these  aasumptions  were 
checked  with data tht were  obtained during this  investigation and 
verified as accurate  and  logical  assumptions. 

1. Walker,  Curtis L., Huntley, S. C., and Braithwaite, W. M.: Component 
md Over-All  Performance  Ibaluation of as Axial-Flow  Turbojet 
Engine  over a Range  of  Engine-Inlet  Reynolds  Numbers.  NACA RM 
E52B08, 1952. 

2. Grey,  Ralph E., Jr., and Wilstead, H. Dean: Performance of Conical 
Jet  Nozzles in Terms of Flow and Velocity  Coefficients.  IWCA Rep. 
933, 1949. (Supersedes NACA Tm 1757. ] 

3. Turner, L. Richard,  Addie,  Albert H., and Zinrmerman, Richard H. : 
Charts fo r  the  Analysis  of  One-Dimensional  Steady  Compressible 
Flow. NACA TN 1419, 1948. 

. 
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TABLE 11. - REYNOLDS NllME3R INDXX VARIATION WITH 
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I I sz9z 
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speed 

4953 

I I temper- 
[lb;Bq f t  abs )   ( l b j aq  f t  abE) (1b;aq f t  a b s ) l   ( ( l b j a q  f t  abs )  

P9 

481 1955 
499 1908 

895 520 
900 

1669 
592 1653 

968 
969 
969 

991 
995 

Yoszle- 
t h N 3 t  fuel i n l e t  air inlet 
Net En&e Compressor- 

t o t a l  
( l b )  Hr,e ' wa,2 k w r -  
.B, flow flow 

atwe (lb/hr),  (lb/seo) 

( O R )  
T9 

1690 
1678 

54.9 
2881 3260 

G 1 . l  1681 
53.1 

3063 346b 

30W 2696 
1097 49.6 
1713 

2979 2572 
48.3 

1731 
2911 24BO 

47.7 2875 2422 

!ormote Corrscted 
enaine 4 erhaust-  

+ 'a335 . ~~ 

M87 
8257 1 1814 

1915 

8110  1765 

- 
w e  

rpn) 
speed 
N 

- 
7953 
7951 
7955 
7945 
794 7 
7951 
7947 
7953 
7947 
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7943 

7951 
7946 

7953 
7951 
7720 
7737 

7727 
7722 

7724 
7727 

Altitude 

prersure 
s t a t i c  

Po 
lb/sg f t  abs)  

122s 
1294 

1175 

1042 
1129 

1290 
1220 
1169 
1120 
1083 
1047 
1455 
1484 
1471 
1466 
1764 
1126 
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1691 

1616 
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lnlet t o t a l  

prlaasrrre 

lb/Sq It abs )  
P1 

1824 
1826 

Inlet  a t a t10  
Bnglne- 

presswe 
P1 

lb/aq f t  abe)  

le04 
1207 
1211 
1211 
1213 
1207 
1212 
1211 
1214 
1207 
1212 
1394 
1487 

1713 
1597 

1659 
1655 

1656 
1658 

1859 
1659 

2545 
2497 
2493 
2465 
2484 
2478 
2479 
2.842 
2981 

3486 
3256 

330-4 
3273 
5250 
3247 
3247 
5256 

1728 
1743 
1727 
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1669 
1673 

1653 

4022 

63.3 
85; 6 
83.5 3829 
63.7 
65.8 
64.0 

3885 

71.7 4550 
75.7 
83.1 

4609 

89.7 
4933 
5300 

M.0 
82.2 

4779 
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82.0 
82.3 

4636 

82.8 
4626 
4618 

h r y s  t 
Net 

( l b )  
Pn 

- 
3460 
3229 
S176 

3040 
m 9 2  

3307 
5077 
3010 
2986 
2922 
2888 
5562 
3569 
3700 

4228 
5987 

4086 
4DDl 
3922 
3832 
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7999 
eo11 
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BM)9 

787b 
7879 
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7818 
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1752 
1755 
1747 
1742 
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1713 
1708 
1705 
1699 
1695 
1888 
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1671 

1631 
1620 

1607 
1607 
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1 0 Static-pressure  tube (wall and rake) 
0 Totd-pressure tube 
X Thermocouple 

(a) Instrumentation  at  englne  inlet,  station 1, 21 inches  upstream of leading edge 
of compressor-Inlet guise vanes. Viewed f r o m  upstream. 

Figure 2. - Instrumentation aketches of various measuring stations. 

21 
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(b) Inrrtrumentation at compressor outlemtatian 3, 2 inches  downstream of 
trailing edge of compressor-outlet guide vanes.  Viewed f r o m  upstream. 

Figure 2. - Continue&. Instrumentation sketches of varioua measuring stations. 

. 



NACA RM E52G22 

0 Total-pressure tube 
X Thermocouple 

(c)  Instrumentation at  turbine  inlet, station 4, 1- inches  upstream of 
leading  edge of turbine-inlet  guide  vanes.  Viewed from upstream. 

3 
4 

23 

Figure 2. - Continued.  Instnunentation  sketches of varioue  measuring  stations. 
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. 

Wall static-pressure  tube 
0 Total-preesure  tube 
X Thermocouple 

3 (a) Instrumentation at turbine  outlet,  station 5, 2- inches  downstream of 
trailing  edge o f  turb.ine  blades. ...V ievea #E .upstream. 

Figure 2. - Continued.  Instnunentation  sketches of various measuring statione. 

. 
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Projected  locations of 
the  engine  combustors 

0 Wall  static-pressure 
0 Total-pressure  tube 
X Thermooouple 

tube 

(e) NACA  inst-ntatlon at nozzle inlet, station 9, 15.15 inches 
downstream of tail-cone-outlet  flange. Viewed f m  upstream. 

0 Totsl-pressure  tube 
x mermocougle 
a Five probe 0 

0 

c 

0 

I 
t 

Engine  manufacturer's  instrumentation Air frame  manufacturer's  instrumentation 

(f) Engine  and  air  frame  manufacturers'  instrumentation  at  nozzle  inlet,  station 9 ,  15.15 inchea 
downstream of tail-cone-outlet  flange.  Viewed  from  upstream. 

Figure 2. - Concluded.  Instrumentation  sketches  of various measuring  statlone. 
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0 
P; 

0 .2 .4 .6 .8 l.Q 1.2 
Flight  Mach number, % 

Figure 3. - Minimum corrected  engine  speeds a t  w h i c h  c r i t i c a l  flow 
exis ted  i n  the exhauelTnozzle. 

Engine-inlet  total  temperature, OR 

Figure 4. - Effect  of  engine-inlet tatal temperature on exhaust=gas total 
temperature. Engine speed, 7950 rpj a l t i tude ,  20,000 feet; flight Mach 
number, 0.2. 

. 
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1.00 1.05 1.10 1.15 1.20 1.25  1.30 
Engine-inlet ram-pressure ratio, P1/po 

(b) Net  thrust loss. 

Figure 5. - Effect of engine-inlet ram-pressure ratio on corrected exhaust- 
gas total temperature and net thrust loss for various corrected engine 
speeds. 
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. . . . . . . . 

Figure 6. - Variation of  corrected a i r  flow with corrected 
engine speed for various Reynolds number indices.. 
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. 

Figure 7. - Variation of corrected  fuel flow with  corrected 
engine  speed for  various Reynolds number  Indices. 

29 
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c 
corrected engine speed for various Reynolds rider indices. 
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. 

5000 6000 7000 8000 9000 
Corrected engine  speed, N/*, rpm 

Figure 9. - Variation of corrected exhaust-gas total 
temperature with corrected engine speed for various 
Reynolds number indices. 
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1.5 2 00 2.5 3.0 3.5 4.0 4.5 
Engine  total-temperature ratio, . T ~ / T ~  

Figure 10. - Variation of engine  total-pressure  ratio with engine  total- 
temperature ratio for various Reynolds  number indices. I 
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0 .2 .4 .6 .8 1.0 1.2 
Flight Mach  number, % 

Figure U.. - Variation of corrected windmilling engine speed with flight 
Mach number at three  altitudes. 
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